Abstract. 2014 We consider a set of ideal chains, each with N beads (N ~ 1) inscribed on a d-dimensional periodic lattice. Different chains are uncorrelated : thus any lattice site may belong to more than one chain ; two chains are said to be connected if they have at least one site in common. This defines a percolation problem (where the variable is the fraction c of occupied sites) physically related to a gelation process in polymers. For In section 3 we analyse the distribution of clusters by a series expansion which follows the approach introduced in reference [12] (2) , such that Z' GN (12) gives the number of B chain conformations linking sites (1) and (2) in N steps. The effect of the (A) chain will be described by a repulsive potential V(r) which is equal to + V on the sites Al ... AN and vanishes elsewhere. (Ultimately we shall let V -+ oo.)
The equation for G is of the Schrôdinger form [13] where N has been treated as continuous, and the sum L' is limited to the nearest neighbours of site (1).
3(1)
The boundary condition is
The perturbation series for G has the form where G ° corresponds to an ideal chain, and is normalized according to
The reduction factor A is related to this expansion
We shall see that A is of order N2/K, and thus infineti- Proceeding to the higher order terms, we find that A3 contains contributions from three distinct sites which involve the square of (2.17) and thus have the same convergence properties, plus terms involving only two sites which are then connected by two propagators G °, and ultimately lead to an integral over p3. The latter converges more easily than (2 .17).
On the whole, we arrive at where a is some unknown numerical constant. We may say that the probability for one chain to be disconnected from all others is thus We shall often refer to aN as the effective number of excluded sites.
3. The percolation séries. -Let us now return to the chain percolation problem : we choose one lattice site 0 and calculate the probability Pn(c) for this site to belong to a cluster of n chains (12] . The sum of these probabilities will be written in the form :
Below the percolation threshold (c co) the sum is absolutely convergent and Z(c) == 1, but for c &#x3E; co the probability of belonging to an infinite cluster is different from, zero : since this is not counted in eq. (3. 1) we then have 1(c) 1 .
An important practical simplification comes from the fact that c(, « 1. Thus, for all c values of interest, factors like e-" can be replaced by unity (but e -" l ) .
Let us start by a discussion of Pl(c). This corresponds to one disconnected chain going through 0. The probability of finding the site occupied is c.
The probability for the corresponding chain to be isolated is given by eq. (2.20). Thus Consider now a cluster of two chains : one of them (A) includes the site 0, while the other chain (B) crosses A at (at least) one point I. Let us first determine the probability for an (AB) system like this to be disconnected from all other chains. We can repeat the argument of section 2. The main point is that because integrals like (2.17) converge, the reduction factor A is again a sum of local contributions all along the cluster of interest : the number of effective sites is an extensive function. Thus, neglecting only end effects (of relative importance 1/N), we may say that the probability of isolation is e-2Na.c. To obtain P2(c) from this, we must count all possible locations of the intersection point 1 among the effective sites; Their number is Na. We must also insert one factor c for each chain. The result is
In fact we do not need to do the counting explicitely, because of a sum rule : for cN --+ 0, the series cZ(c) must be identically equal to c (or 1 identical to one) as explained earlier in this section. Thus we must have Expanding the exponential in Pi we see that as required by the sum rule.
The argument is easily generalized to higher orders : the crucial point is that for an n-cluster (with n finite), the number of effective sites is still extensive, and that the probability of isolation is e-nNac. This leads to a series for the function E of eq. (3 .1 ) :
where the successive coefficients an are again imposed by the sum rule. We shall now see that this series is uniformely convergent only when J1 1. In fact, an analytic continuation of (3.6) is given by the solution of the implicit equation To see this, write eq. (3.7) in the form and solve by iteration, starting with E = e-e as the 0 order approximation, and inserting this value on the right hand side of (3.8) .
a) It is easily checked that the first few terms of the series fore and fcoincide.
b) The coefficients in both series obey the same sum rule since Z = 1 is one solution to eq. (3. 7). This behaviour characterizes all mean field approximations in the percolation problem [12] . The same structure for Z(y) is also well known for lattices which are not periodic, but which have a special tree structure (Bethe lattices) [16] . It [1] . This would be of direct interest for various gelation problems.
However, it could happen that the B expansion does not exist for our problem, and that the critical exponents switch abruptly at d = 4, returning for d 4 to the values which are numerically known for site or bond percolation [3] . Even in this case, a study of the crossover between chain behaviour and site behaviour would be of some interest.
On the whole, the present paper suffers from two opposite defects : it completely lacks mathematical rigor, and at the other end it is still very far from any practical polymer situation, but there is a slight hope that it may help to bridge the gap between these two points of view.
